1. Introduction {#sec1}
===============

Sarcocystosis is a parasitic infection caused by the members of *Sarcocystis* genus, which are obligate intracellular protozoan parasites belonging to Apicomplexa phylum ([@bib6]). The genus includes more than 189 species with global distribution ([@bib35]). These cyst-forming coccidian parasites infect animals as well as humans. They include a heterogeneous prey-predator life cycle in carnivores and omnivores as definitive hosts and majorly herbivores as intermediate hosts. Definitive hosts are infected through ingestion of the parasite sarcocysts (bradyzoites) in striated-muscle tissues of the intermediate hosts and oocysts are shed in feces of the final hosts. Oocyst contaminated water and vegetables are the major sources of infection for the intermediate hosts ([@bib7]; [@bib11]). *Sarcocystis* is reported as the intermediate host-specific parasite. Humans can be infected with intestinal sarcocystosis through consumption of raw or under cooked beef, pork and meat products (hamburgers, sausages and hot dogs), containing bradyzoites of *Sarcocystis hominis* and *S. suihominis* ([@bib7]).

*Sarcocystis* prevalence in cattle (*Bos taurus*) is nearly 100% in most regions of the world ([@bib39]; [@bib1]; [@bib34]; [@bib2]). Cattle represent as the intermediate hosts for a few species of the parasite, including *S. cruzi*, *S. hirsute* and *S. hominis* with canines, felines and primates as their definitive hosts, respectively ([@bib6]; [@bib7]; [@bib18], [@bib19]). Another species, *S. sinensis*, has been reported from buffalos and cattle in China and Argentina, but its definitive host is still unknown ([@bib13]; [@bib28]; [@bib41], [@bib42]). Recently, *S. heydorni* and *S. rommeli* have been identified as two newly investigated species in bovines ([@bib7]; [@bib8]). Sarcocystosis, with its severe economic, medical and veterinary consequences, is a major public health issue in many countries ([@bib4]). Of the bovine species, only *S. hominis* can survive in humans as its definitive hosts ([@bib7]). Infection of *S. hominis* in humans is usually asymptomatic and self-limiting. However, it may sometimes cause dyspnea, vomiting, bloat, nausea, stomachache, inappetence, and rapid pulse and symptoms continued up to 48 h ([@bib3]; [@bib12]). Animals infected with *Sarcocystis* spp. suffer from loss of weight, decreased milk production, anemia, abortion and even death in heavy infections ([@bib11]).

To estimate the parasite prevalence, *Sarcocystis* cysts or bradyzoites are detected using various methods, including histopathology, serology (IFA, ELISA), microscopy (peptic digestion, impression or squash squeezing smear) and molecular biology ([@bib27]; [@bib16]). Studies have shown that sarcocystosis in slaughtered food animals varies from 3.5 to 100% in different parts of Iran ([@bib4]; [@bib10]; [@bib32]). Almost all of these studies have reported a high prevalence of infection in a variety of meat producing livestock, including 100% of goats ([@bib5]), 100% of sheep ([@bib36]), 51% of camels ([@bib17]), 83% of buffalos ([@bib33]) and 96.8% of cattle ([@bib32]). Most of these studies have used animal samples from slaughterhouses. However, a few studies have reported *Sarcocystis* prevalence in beef or other meat products in Iran ([@bib36]; [@bib24]; [@bib31]; [@bib15]; [@bib21]). To the best of the authors' knowledge, no studies have been carried out on *Sarcocystis* prevalence in beef and beef products from butcheries and retail stores in Tehran. Therefore, the current study was carried out to assess *Sarcocystis* prevalence, as one of the most prevalent foodborne parasites with zoonotic potency, in beef and raw industrial beef burgers from butcheries and retail stores in Tehran using peptic digestion and conventional PCR for the first time.

2. Materials and methods {#sec2}
========================

2.1. Sample collection {#sec2.1}
----------------------

The current study was approved by the Ethical Committee of Tehran University of Medical Sciences. This survey was a cross-sectional study carried out from October 2016 to August 2017. A total number of 180 samples were randomly collected in Tehran, Iran, including 90 beef samples (representing 90 animals) from various butcheries and retail stores and 90 raw industrial beef burger samples (containing \>80% meat according to factories) of various brands from retail stores and supermarkets. Samples were purchased from 15 butcheries and major retail stores in five city districts. Weight of samples, date of collections, trade marks, product/expiration dates and proportion of meat contents in hamburgers were recorded. Approximately 50 g of each beef sample were weighted and transferred in zipped plastic bags to the Parasitology Laboratory, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran. Beef samples included posterior loin region meats of freshly slaughtered cattle, bought on various days. These samples were stored in standard refrigerators; none of them were processed with preservatives. Moreover, beef burgers were stored at -20 °C; none of them included preservatives according to the manufacturers.

2.2. Macroscopic examination {#sec2.2}
----------------------------

Beef and beef burger samples were cut into 3--5 mm pieces using sterile blades. These specimens were examined carefully by naked eyes for white rice grain-like *Sarcocystis* macrocysts.

2.3. Microscopic examination using peptic digestion {#sec2.3}
---------------------------------------------------

Beef samples were minced using meat grinder. Nearly 20 g of each minced sample were processed with 50 mL of the digestion solution, including 1.3 g of pepsin, 2.5 g of NaCl and 3.5 mL of concentrated HCl in 500 mL of sterile distilled water (the whole beef burgers were digested and volumes of the digestion solution were added according to the weight). Suspensions were set at room temperature for 30 min and then filtered using strainer with gauze. Filtrates were collected in sterile 50-mL tubes and centrifuged at 1500 rpm for 15 min. Pellets were washed three times with phosphate buffer saline (PBS). Smears were prepared using one droplet of the washed pellets, fixed with absolute methanol and stained with Geimsa stain. Slides were examined for *Sarcocystis* bradyzoites using direct light microscopy. Investigating at least 20 fields per slide, the mean number of bradyzoites per slide was calculated for the samples. Then, samples were categorized into three groups of low, medium and high parasitized samples. Samples with less than 10 parasites per slide were reported as low, 10--100 as medium and more than 100 as high parasitized samples.

2.4. DNA extraction and PCR amplification {#sec2.4}
-----------------------------------------

Genomic DNA of the samples was extracted using the following protocol. Briefly, 50 mg of each sample were frozen and thawed for three times (each for 10 min). DNA was extracted using High Pure PCR Template Preparation Kit (Roche, Germany) according to the manufacturer\'s instructions. Extracted DNA was stored at -20 °C for PCR amplification. The extracted DNA was used as template to detect eucoccidial parasites using conventional polymerase chain reaction (PCR). Fragments of nearly 900-bp from 18S ribosomal DNA genes were amplified using single PCR and forward (SarcoFext 5′-GGTGATTCATAGTAACCCAACG-3′) and reverse (SarcoRext 5′-GATTTCTCATAAGGTGCAGGAG-3′) primers ([@bib29]). The PCR amplification was carried out with 20-μl reaction volumes, including 10 μl of 2× Master Mix RED (Ampliqon, Denmark) with 1.5 mM of MgCl~2~, 1 μl of each primer at concentration of 10 pmol, 6.5 μl of sterile distilled water and 1.5 μl of the template DNA. The PCR reactions were amplified using thermal cycler (Peqlab peqSTAR, USA) with the following cycling conditions: initial hot start at 94 °C for 5 min, followed by 30 cycles of denaturation at 94 °C for 30 s, annealing at 57 °C for 30 s and extension at 72 °C for 45 s. Final extension was carried out at 72 °C for 5 min. The PCR products were analyzed using electrophoresis on 1% agarose gel and UV visualization.

2.5. Statistical analysis {#sec2.5}
-------------------------

The SPSS Software v.16.0 (IBM Analytics, USA) and Chi-square and Mann-Whitney tests were used for data analysis. Data were described using calculation of frequencies (%) and 95% confidence intervals. In general, *P*-values less than 0.05 were statistically considered as significant.

3. Results {#sec3}
==========

3.1. Microscopic examination {#sec3.1}
----------------------------

Of 180 beef and beef burger samples, *Sarcocystis* bradyzoites ([Figure 1](#fig1){ref-type="fig"}) were detected in 170 (94.4%) samples. At least one *Sarcocystis* bradyzoite was seen in 84 (93.3%) beef and 86 (95.5%) beef burger samples ([Table 1](#tbl1){ref-type="table"}). No significant differences were found between the beef and beef burger infestations by *Sarcocystis* bradyzoites (*P* \> 0.05). Furthermore, the mean number of parasites per slide was calculated ([Table 2](#tbl2){ref-type="table"}). Statistically significant differences were reported between the sample type and intensity of the parasites in samples (*P* = 0.003).Figure 1*Sarcocystis* bradyzoites in digested samples after staining with Geimsa.Figure 1Table 1Prevalence of *Sarcocystis* spp. in beef and beef burger samples using direct light microscopy.Table 1ResultNo. of samples\
Positive (%)No. of samples\
Negative (%)Total (%)Beef84 (93.3)6 (6.7)90 (100)Beef burger86 (95.5)4 (4.5)90 (100)Total170 (94.4)10 (5.6)180 (100)Table 2The mean number of *Sarcocystis* bradyzoites per slide.Table 2Mean No. of parasites/slideNo. of beef samples (%)No. of beef burger samples (%)Low15 (17.9)22 (25.6)Medium48 (57.1)60 (69.8)High21 (25)4 (4.6)Total84 (100)86 (100)[^1]

3.2. Conventional polymerase chain reaction {#sec3.2}
-------------------------------------------

Eucoccidial DNA fragments were detected in 161 (89.4%) of the samples, including 78 (86.6%) beef and 83 (92.2%) beef burger samples ([Table 3](#tbl3){ref-type="table"}) ([Figure 2](#fig2){ref-type="fig"}). Statistical analysis showed no significant differences between the beef and beef burger infestations (*P* \> 0.05). The mean number of parasites per slide was calculated based on the molecular test results ([Table 4](#tbl4){ref-type="table"}). High and moderate intensities of infestation were significantly correlated with positive PCR results. Differences between the conventional PCR results (positive/negative) and intensity of the parasites in samples were statistically significant (*P* \< 0.001).Table 3Prevalence of *Sarcocystis* spp. in beef and beef burger samples using molecular methods.Table 3SamplePositive (%)Negative (%)Total (%)Beef78 (86.6)12 (13.4)90 (100)Beef burger83 (92.2)7 (7.8)90 (100)Total161 (89.4)19 (10.6)180 (100)Figure 2PCR amplification of eucoccidial DNA fragments in samples. M, DNA ladder (1 kb); NC, negative control; PC, positive control; Lanes 1--4, beef and beef burger samples.Figure 2Table 4Comparison of the mean number of *Sarcocystis* bradyzoites per slide from microscopy with that from conventional PCR.Table 4Mean No. of parasites per slideNo. of PCR positive samples (%)No. of PCR negative samples (%)Not seen1 (0.6)9 (47.4)Low31 (19.3)6 (31.6)Medium104 (64.6)4 (21)High25 (15.5)0 (0)Total161 (100)19 (100)[^2]

4. Discussion {#sec4}
=============

Meat and meat products are the common sources of food within the world. *Sarcocystis* is globally distributed as one of the most prevalent foodborne parasites in livestock ([@bib7]). Surveys on the prevalence of *Sarcocystis* spp. in meat producing animals have shown broad infection rates. Therefore, consumption of raw or undercooked meats can transfer parasites to humans ([@bib39]; [@bib29]; [@bib6]). Humans serve as intermediate or definitive hosts for certain *Sarcocystis* species ([@bib26]). Human muscular sarcocystosis, caused by *S. lindemani* or *S. nesbitti*, is often reported from Southeast Asia ([@bib6]; [@bib38]). In contrast, humans only serve as definitive hosts for *S. hominis* and *S. suihominis* with cattle and swine as intermediate hosts, respectively ([@bib25]). Therefore, increased knowledge of *Sarcocystis* prevalence in beef, pork and relative meat products can be helpful to predict the infection rate in humans and to show the necessity of improving parasite transmission prevention. Of all bovine *Sarcocystis* species, *S. hominis* and *S. heydorni* are zoonoses with microscopically visible cysts. Therefore, *S. hominis* includes public health risk in countries, where raw or under cooked beefs is traditionally consumed ([@bib7]). Based on the Iranian eating habits (common consumption of undercooked beefs), *S. hominis* infection seems important. To date, a few studies have investigated the prevalence of *S. hominis* in Iran. However, results of these studies are confusing and controversial. Prevalence of *S. hominis* in slaughtered cattle diaphragms and burgers has been reported high, including 54.4 and 57.8% respectively ([@bib1]; [@bib15]). Hooshyar et al. has reported that *S. hominis* prevalence in burgers was 1.7% ([@bib21]). Therefore, further studies with improved methodologies are necessary to accurately assess *S. hominis* spread in Iran. In the present study, macroscopic cysts were detected neither in beef nor in beef burger samples. However, detection of macroscopic cysts was not expected due to the disposal of infected carcasses in slaughterhouses. Surveys on the prevalence of macroscopic cysts in cattle and hamburgers in Iran have reported 0--0.4 and 0% infection rates, respectively; similar to those from the current study ([@bib9]; [@bib20]; [@bib21]; [@bib32]; [@bib33]; [@bib10]; [@bib30]; [@bib39]). Since felids serve as definitive hosts for bovine macroscopic cyst-forming species, a lesser contact of the cattle with fields and hence a lesser oocyst shed can explain the low macroscopic cyst prevalence in cattle. In fact, correct macroscopic cyst detection is questioned because of the cyst long formation time and because usually young cattle are slaughtered before formation of the cysts.

In this study, prevalence of the microscopic *Sarcocystis* spp. in beef and beef burger samples was estimated as 95.5 and 93.3% using peptic digestion and 86.6 and 92.2% using molecular methods, respectively. Although differences between the *Sarcocystis* prevalence rates were not statistically significant using these two methods, the peptic digestion method detected *Sarcocystis* spp. in both meat samples with a higher rate. Although molecular methods are regularly very accurate, PCR did not detect all parasites in the current study. This conflict could occur due to the insufficient quantities of samples (50 mg) in DNA extraction or use of conventional PCR instead of further sensitive methods such as nested PCR. However, the current study achieved much better results, compared to those similar studies with conventional PCR did. More et al. detected *Sarcocystis* spp. in 35.5% of cattle loin samples in Argentina using conventional PCR, while fresh examinations detected the parasite in 73.1% of the samples ([@bib27]). The major difference between the protocol used by More et al. and that used in the present study included use of freeze and thaw steps before DNA extraction in the present study. In contrast, conventional PCR in 257 German loin samples showed a 67.7% contamination rate of *Sarcocystis*. The infection rate reported as 69.6% using 5 g of the loin samples and multiplex real-time PCR ([@bib29]). Comparing the mean numbers of parasites in certain samples detected by molecular method, PCR was unable to detect parasites belonged to the low-number parasite groups. Therefore, increased sample volume in DNA extraction can greatly improve the molecular detection rate. Moreover, differences of sarcocyst infestation were not significant between the beef and beef burgers. To the best of the authors' knowledge, no studies have been carried out on differences between the sarcocyst infestations in beef and beef burgers. Beef sarcocyst prevalence was calculated as 95.5% in the present study; similar to that in other studies from various regions of Iran and most regions of the world. Studies have reported 100% ([@bib36]; [@bib10]), 96.8% ([@bib32]), 92.2% ([@bib9]) and 99.9% ([@bib30]) of the parasite infections in cattle meats in Iran. In other regions of the world, 97.4% of minced beef in Belgium ([@bib39]), 69.9% of beef in Germany and 82.7% of fresh cattle diaphragm samples in Netherlands ([@bib20]) have been reported as infested by sarcocysts ([@bib29]). In the present study, 20% of beef samples were highly contaminated and results were similar to a recent study in Lithuania that estimated the beef contamination as 19.1% ([@bib22]). Furthermore, 93.3% of the beef burger samples were infested by sarcocysts. These were not similar to those from previous studies on hamburgers in Iran that reported less prevalence rates. Khaniki and Kia reported that 6.25% of hamburgers in Garmsar, Iran, were infested by sarcocysts using histopathology ([@bib24]). Comparison of these results demonstrates that histopathological techniques are not appropriate enough to detect sarcocysts since the chance of parasite detection in a certain sections is possibly low, compared to that in 20 g of beef samples. In other studies in Iran, use of microscopic methods with peptide digestions or impression smears could detect bradyzoites in 56 ([@bib36]), 56.25 ([@bib31]) and 68% ([@bib15]) of the beef burger samples in Ahwaz, Tabriz and Yazd, respectively. Hooshyar et al. detected *Sarcocystis* spp. in 29% of hamburger samples using PCR in Kashan, Iran ([@bib21]). In methodology of the current study, a whole beef burger was digested to investigate bradyzoites rather than 20 g of the beef burger; therefore, this increased sample volume might be the major reason for better results. From the economic point of view, bovine sarcocystosis includes significant effects on livestock industries, including animal weight loss, milk production decrease, anemia, abortion and stillbirth ([@bib6]; [@bib37]; [@bib40]). Previous studies have shown toxin production by *Sarcocystis* bradyzoites in tissue cysts ([@bib14]). Although toxin production by the bovine parasite species has not been verified yet, *S. fayeri* tissue cysts have been shown to toxicate horsemeat by production of a 15-kDa toxin that results in food poisoning ([@bib23]). Therefore, possibility of food poisoning through these toxic meats despite their freezing and cooking (especially in heavily infected beefs) is still a big concern. In general, development of efficient hygienic techniques is necessary to minimize contamination of animal water, feed and bed with the feces of canids at lawns and farms raising cattle.

5. Conclusion {#sec5}
=============

Overall, results from the current study highlight the high prevalence rate of *Sarcocystis* spp. in beef and raw beef burgers from butcheries and retail stores in Tehran, Iran. Although the most prevalent bovine species (*S. cruzi*) is not zoonotic, it is highly recommended to cook beef and beef products completely or to store them at -20 °C at least for 3--5 days before use, especially for people in high-risk groups such as immunocompromised patients, due to the existence of *S. hominis* as a zoonotic bovine species.
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[^1]: Low, samples with \<10 parasites per slide; medium, samples with 10--100 parasites per slide; high, samples with \>100 parasites per slide.

[^2]: Low, samples with \<10 parasites per slide; medium, samples with 10--100 parasites per slide; high, samples with \>100 parasites per slide.
